Summary
WITHIN A MULTI-ECHELON SYSTEM OF CARE Introduction
Allocation of appropriate resources for military medical treatment facilities requires accurate estimates of the number and types of patients that will be seen. During a combat operation, wounded personnel are typically treated and returned to duty or moved rearward for further treatment at higher levels of care.
Consequently, forecasting medical resources entails projecting not only the number of personnel that will be injured, but also the flow of patients to intermediate care facilities and to hospitals located in the continental United States. Thus, accurate estimates of both the casualty rate and the percentage of hospitalized patients requiring subsequent movement to facilities offering advanced levels of care will allow planners to determine the most appropriate placement of medical assets to best meet operational demands.
Recent studies have examined the rates of wounded-in-action (WIA) and disease and nonbattle injury (DNBI) incidence of previous combat operations. [1] [2] [3] Using empirical data, computer models have been built to estimate medical admissions for future scenarios. [4] [5] Other studies have examined the distribution of specific injuries and illnesses that compose the patient streams. [6] [7] The objective of the present paper is to analyze the rates and types of injuries seen through a multi-echelon care system during a protracted conflict. Specifically, this paper will examine the flow of U.S. Marine Corps battle injuries through the five-echelon system of medical care in place during the Vietnam War. The number of hospital admissions to treatment facilities in the combat zone first will be computed. Then, the percentages of the admissions that required treatment at each higher echelon will be ascertained to determine the interechelon flow rates. Additionally, differences in patient flow by categories of injury conditions will be examined.
The Echelon System of Care
Medical treatment of casualties has traditionally been provided at five different echelons of care. 7 Such transfers from non-Navy facilities represented 3.7% of the total WIA hospitalizations entering the Navy treatment system at the Echelon II or III level. The levels of treatment required by all patients reaching a Navy Echelon II or III facility (n = 39,175) and the contrasting levels of care needed by patients with different types of injuries are the focus of this study. Tables 1 and 2 summarize the inter-echelon patient movement for wounded personnel whose initial hospitalization occurred at Echelons II and III, respectively. There were also isolated instances of "backward" movement of patients between echelons, usually from Echelon III to Echelon II. Of the patients moved from Echelon III, there were 36 cases (1.2%) of a patient again receiving treatment at Echelon II. Table 2 depicts the WIA hospitalizations that initiated at an Echelon III facility and is similar in format to Table 1 . Table 3 summarizes the information from Tables 1 and 2 . It presents the percentage of WIA patients received at each echelon of care, both for those who began their hospitalization at Echelon II and those who began at Echelon III. For example, for all patients who started at an Echelon II facility, 14.4% were eventually seen at an Echelon III facility, 22.7% at an Echelon IV facility, and 32.9% at an Echelon V facility. Depending on the location in the theater and the nature of the injury, as well as other operational considerations, some echelons were often "leapfrogged" in the treatment process. The extent of "echelon-skipping" is shown in Note B -the percentages do not reflect intra-echelon movement, or the movement from one facility to a different facility at the same echelon level. 
Results

Inter-Echelon Patient Movement
------- ------- ------- 50.7% Echelon V 6,796 100.0% ------- ------- ------- -------------- ------- ------- 60.2% Echelon V 7,077 100.0% ------- ------- ------- -------
Intra-Echelon Patient Movement
The intra-echelon flow, or movement between facilities at the same echelon of care among the WIA casualties, is summarized in Table 5 . For instance, 189 patients showed one movement from an Echelon II facility to another Echelon II facility, while 7 other patients recorded two such movements between Echelon II facilities.
Of the 39,175 total WIA hospitalizations, 1,901 cases showed intra-echelon movement (4.9%). Most of these cases involved only one move to a facility at the same echelon level before moving to another level.
However, 56 cases had two or more moves at the same echelon level before returning to duty or going to another echelon of care. Altogether, there was a total of 1,963 intra-echelon movements. The vast majority of the intra-echelon transfers occurred either at Echelon III (65.0%) or Echelon V (23.8%).
Results by Injury Type
Accurate medical planning requires an assessment of patient flow by injury type. Certain types or categories of injuries may be more resource-intensive than others or may be more likely to require a higher level of care. The following tables present the distribution of primary injury types for the WIA casualties, and display the patient flows among the most prominent injury groupings. Table 6 shows the primary injury-type diagnoses for the 39,175 WIA hospitalizations. Also shown in Table 6 are secondary diagnoses recorded within 10 days of the initial admission. More than three fourths Table 7 presents the most frequently recorded patient flows among casualties with an injury type of open wound, fracture, and head/scalp wounds. Some distinct differences can be seen in the patient flows for these three types of primary injury categories. Open wounds were more likely to be treated at Echelon II facilities than were fractures and head/scalp wounds. Fractures were most likely to require treatment at an Echelon IV or V facility, while treatment of head/scalp wounds was most often confined to Echelon III. Table 8 further summarizes the patient treatment flows for each of the three primary injury groups.
Echelon Level once
Echelon II 189 7 0 196 Echelon III 1,213 23 5 1,241 Echelon IV 18 0 0 18 Echelon V 425 20 1 446--------- --------- --------- --------- Total 1,845 50 6 1,901
Injury
The percentages of patients seen at each echelon level are shown for the three groups. Of the patients with a diagnosis of open wounds, 59.6% of them were seen at some point at an Echelon II facility, while 49.7% of them were seen at some point at an Echelon III facility. This can be contrasted with those personnel with fractures, of which only 33.5% were seen at an Echelon II facility, but 70.1% were seen at Echelon III. The percentages in each group add up to over 100% since many patients were seen at more than one echelon level. Accurate overall casualty rate forecasting, as well as reliable projections of the types and severity of wounds are critical in determining the medical resources needed to support a combat operation. Earlier studies formed the basis for rate projections in differing combat scenarios. By combining casualty rate and echelon flow projections with the expected evacuation policies and lengths of treatment, medical resource allocation throughout a multi-echelon system of care may more accurately be determined.
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